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Robinson et al. (2005) list 10 confirmed introduced marine 
species (plus a further 22 suspected or cryptogenic 
species) from South Africa. The confirmed species include 
ascidians, anemones, a periwinkle, an oyster, a red alga, 
and the notoriously invasive green crab Carcinus maenas 
and Mediterranean mussel Mytilus galloprovincialis. The 
majority of these introduced species are restricted to 
harbours, lagoons or estuaries (Robinson et al. 2005), and 
most have proved incapable of invading the wave-exposed 
South African rocky shore (e.g. Hampton and Griffiths 
2007). The exception is the Mediterranean mussel, which 
has become very widespread and abundant on exposed 
rocky shores throughout the West and South coasts. The 
number of marine alien species recorded in South Africa 
remains considerably lower than in many other regions 
globally (Robinson et al. 2005), but this is at least partially 
owing to lack of research effort and taxonomic expertise; 
indeed the real number of introductions is probably several 
times that currently recorded. No introduced barnacle, 
such as Austrominius modestus (Sandison 1950), had 
been recorded in South Africa until Simon-Blecher et al. 
(2008) recently discovered Balanus glandula on rocky 
intertidal shores at Camps Bay on the Cape Peninsula, 
south-western Cape.
B. glandula has previously been introduced to Argentina 
(Spivak and L’Hoste 1976, Bastida et al. 1980, Rico and 
López-Gappa 2006) and Japan (Kado 2003). The species 
is native to the west coast of North America, from Baja in 
California to Alaska (Newman and Abbott 1980), where it 
is the most common intertidal balanoid. In South America, 
its range extends from Las Toninas to Caleta Malaspina 
(Orensanz et al. 2002). 
In Argentina, where B. glandula competes with Brachy­
dontes and Mytilus, seasonal variations in community struc-
ture were mainly due to seasonal changes in densities 
of the barnacle (Rico and López-Gappa 2006). In Japan, 
B. glandula has become a dominant littoral zone species 
and is responsible for decreases in the abundance of the 
endemic B. albicostatus (Kado 2003). Previous invasions of 
B. glandula thus suggest that this species can be a potential 
threat to intertidal communities in cool, temperate waters. 
This is the first investigation into the scale of the B. 
glandula invasion in South Africa, and it aims to examine 
patterns of distribution and abundance of this invasive 
species on both macro- (sites hundreds of kilometres 
apart) and microscale (transects metres apart within a 
site). Some of the factors that may affect the distribution 
and abundance of B. glandula along the coast include 
prevalence of upwelling, direction of shoreline orientation, 
water temperature, and degree of wave action, are also 
briefly discussed, as is the abundance of B. glandula relative 
to that of other indigenous barnacle species present. 
The date of first introduction of the North-East Pacific 
acorn barnacle Balanus glandula to South Africa is 
unknown, but it is depicted in photographic records 
dating back to at least 1992. Its present range and popu-
lation density were determined by surveying 24 sites 
on the west and south coasts of South Africa. B. glan-
dula occurred over approximately 400 km of coastline, 
from Elands Bay in the north-west to Misty Cliffs on 
the west coast of the Cape Peninsula. The abundance 
of B. glandula was affected by site, zone, prevalence of 
upwelling, and orientation of the shore. Its distribution 
was very patchy, both on macro- and microscales, with 
Bloubergstrand and Moullie Point having the highest 
abundances of 28 445 and 24 500 individuals m–2 respec-
tively. B. glandula was the dominant barnacle at all West 
Coast sites where it was recorded, comprising 78.49% 
of all barnacles found. The successful invasions of B. 
glandula in South Africa, Argentina and Japan suggest 
that this species poses a potential threat to intertidal 
communities in cool, temperate waters.





A total of 24 sites, situated between Brazil in the north and 
Hermanus in the south, was inspected for B. glandula popu-
lations, 20 of which were quantitatively sampled. Locations 
of the sampling sites are shown on Figure 1 and their GPS 
coordinates are listed in Table 1. 
Field work
Surveys were conducted during low spring tides from 
August 2007 to October 2007. A 1 km stretch of rocky 
shore was surveyed for B. glandula at each site. Its pres-
ence was measured in terms of metres of shoreline colo-
nised within this 1 km stretch. Three transects were then 
randomly selected within the kilometre, each extend-
ing across the shore from mean low water of spring tide 
(MLWS) upwards to the Littorina zone. A tape measure 
marking out the length of each transect was laid down on 
the rocks and 50 cm × 50 cm quadrats placed on either side 
of the tape. The numbers of individuals of each barnacle 
species were counted and recorded for both quadrats. 
The numbers of Afrolittorina knysnaensis in each quadrat 
were also recorded. The rolling quadrat method was used, 
whereby the quadrat was rolled up the shore to the top of 
the Littorina zone. Rock pools were avoided by moving 
quadrats to the closest exposed rock surface on either side 
of any pool, thus ensuring that the species recorded were 
representative of the zones sampled. Barnacle abundance 
was measured as individuals m–2 by summing the numbers 
of each group of adjacent four 50 cm × 50 cm quadrats. 
The height at each metre up the shore was recorded 
using transect poles. These heights, as well as the species 
typically found in defined intertidal zones on the shore, were 
used to categorise samples into high-, mid- and low-shore 
zones. The low zone stretched from MLWS to the top of the 
M. galloprovincialis zone, the mid zone from the top of the 
M. galloprovincialis zone to the bottom of the Littorina zone, 
and the high zone spanned the Littorina zone. GPS posi-
tions (Table 1) and photographs of transects were taken at 
each site. A few samples of B. glandula were also collected 
to confirm identification. 
Statistical analyses
Statistical tests were performed using STATISTICA 7.0 
(2004, StatSoft Inc., Data Analysis Software System) and all 
graphs produced on EXCEL (2003, Microsoft Corporation). 
A Kruskal-Wallis one-way ANOVA (Zar 1996) was used to 
test whether the abundance of B. glandula was affected 
by site, zone or orientation. Orientation was classified into 
headlands, sites north of the closest headland, and sites 
south of the closest headland. 
A Spearman Rank Order Correlation was performed to 
determine whether the number of B. glandula influenced the 
number of A. knysnaensis at different zones on the shore, and 
a Kruskal-Wallis one-way ANOVA was used to test whether 
the abundance of A. knysnaensis was affected by site. 
Figure 1: Map of the west and south coasts of South Africa show-
ing the 24 sites surveyed for the presence of B. glandula. Numbers 
refer to sites as listed in Table 1 
Table 1: GPS coordinates of the sampling sites. Location of sites is 
shown in Figure 1
Site Number GPS coordinates 
Brazil 1 29°40.078′ S, 17°02.356′ E
Skulpfontein 2 29°43.023′ S, 17°03.308′ E
Lambert’s Bay 3 32°05.442′ S, 18°18.023′ E
Elands Bay 4 32°19.076′ S, 18°18.856′ E 
St Helena Bay 5 32°46.367′ S, 18°02.863′ E 
Paternoster 6 32°48.084′ S, 17°55.140′ E 
Cape Columbine 7 32°49.520′ S, 17°50.792′ E 
Saldanha Bay 8 33°02.019′ S, 17°56.127′ E 
Tsaarsbank 9 33°08.892′ S, 17°59.923′ E 
Yzerfontein 10 33°20.408′ S, 18°09.211′ E 
Ganzekraal 11 33°31.094′ S, 18°19.257′ E 
Melkbosstrand 12 33°44.002′ S, 18°25.558′ E 
Bloubergstrand 13 33°48.135′ S, 18°27.545′ E 
Moullie Point 14 33°53.969′ S, 18°24.274′ E 
Hout Bay 15 34°02.902′ S, 18°21.650′ E 
Kommetjie 16 34°08.271′ S, 18°19.198′ E 
Misty Cliffs 17 34°11.025′ S, 18°21.601′ E 
Cape Point 18 34°20.126′ S, 18°25.52′ E0 
Smitswinkle Bay  19 34°14.226′ S, 18°28.368′ E 
Seaforth 20 34°12.004′ S, 18°27.222′ E 
St James 21 34°06.597′ S, 18°27.420′ E 
Gordon’s Bay 22 34°09.480′ S, 18°51.438′ E 
Rooiels 23 34°18.298′ S, 18°48.530′ E 
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Sites were classified as being either in upwelling centres 
or upwelling shadows, by inspection of sea surface temper-
ature (SST) photographs (http://www.rsmarinesa.org.za). 
Sites with SSTs that were markedly cooler than those in 
surrounding areas were classified as upwelling centres. The 
affect of upwelling on the abundance of B. glandula was 
tested using a Mann-Whitney U-test. 
Results
B. glandula was not recorded from South Africa prior to 
its identification by Simon-Blecher et al. (2008). However, 
recent scrutiny of historical intertidal photographs by the 
second author clearly shows the presence of B. glandula in 
Hout Bay Harbour, dating back to 1992. This suggests that 
B. glandula has been present in South Africa for at least 15 
years, but had been mistaken for the native African chtha-
malid species Chthamalus dentatus by earlier workers.
Identification of B. glandula
Barnacle species found at the study sites were B. glan­
dula, Octomeris angulosa, Tetraclita serrata, Amphibalanus 
(formerly Balanus) amphitrite, Notomegabalanus algicola 
and Chthamalus dentatus. B. glandula can be distinguished 
from A. amphitrite and N. algicola, which also have a calcar-
eous base, because it lacks purplish-red stripes. B. glan­
dula also lacks the transparietal radii seen in the other 
species. In Chthamalus ala are visible, whereas in Balanus 
the carina is with alae and the rostrum have radii (Figure 
2c). Furthermore, when old and eroded, B. glandula can 
be distinguished from other local barnacles by the distinct 
sinuous W- or M-shaped suture separating the terga and 
the scuta (Figure 2c). The barnacles varied in colour from 
mustard when wet (Figure 2) to grey when dry. Adult basal 
diameters reached 18 mm and when growing separately the 
height was roughly equal to the basal diameter. When grow-
ing in crowded colonies, however, the barnacles adopted a 
tall columnar shape (Figure 2b). B. glandula was found 
predominantly on bare rock, but was also attached to the 
shells of M. galloprovincialis, O. angulosa, Scutellastra 
granularis and other B. glandula, as well as to artificial 
structures such as floating jetties and pier pylons. 
Distribution and abundance
B. glandula was recorded over more than 400 km of coast-
line between Elands Bay and Misty Cliffs (near Cape Point; 
Figure 2: (a) Photograph of a transect down the shore showing the distinct B. glandula zone at Bloubergstrand (photograph by MCL); 
(b) dense colony of columnar B. glandula with A. knysnaensis and M. galloprovincialis sheltered in the crevices between barnacles at 
Paternoster (photograph by MCL); (c) B. glandula individual at Moullie Point with the sinuous ‘M’-shaped suture separating the terga from 






Figure 3). B. glandula was absent from Lambert’s Bay, 
Ganzekraal, Melkbosstrand, Kommetjie or Cape Point, 
on the West Coast, or at any sites east of Cape Point 
(Smitswinkel Bay, Seaforth, St James, Gordon’s Bay 
and Rooiels). Although B. glandula was found at Cape 
Columbine (Site 7), only four individuals were recorded 
there, thus no abundance bar is visible on the graphs 
(Figures 3 and 4). However, because there were no other 
barnacles found at Cape Columbine, these four individuals 
still accounted for 100% of the barnacle assemblage at that 
site (Table 2). 
The distribution of B. glandula was very patchy both on 
a macroscale, over hundreds of kilometres (Figure 3) and 
microscale, over tens of metres (Figure 4). At some sites, 
notably Bloubergstrand and Moullie Point (Figure 4), the 
species occurred in very high densities, reaching maximum 
densities of 28 445 and 24 500 individuals m–2 respectively. 
Other West Coast sites, such as Elands Bay and St Helena 
Bay, had much lower maximum abundances of 2 250 and 
4 395 individuals m–2 respectively (Figure 4). 
B. glandula was the dominant barnacle at all West Coast 
sites at which it was recorded (Figure 4). T. serrata was the 
second most abundant barnacle and O. angulosa the third 
most abundant (Figure 4), but their abundances were one 
to two orders of magnitude below those of B. glandula. A. 
amphitrite and C. dentatus were only found east of Cape 
Point, whereas N. algicola was only found in the sheltered 
waters of Saldanha Bay. B. glandula was most abundant 
in the mid and low zones at most of the sites, whereas T. 
serrata achieved maximum abundance in the high and mid 
zones (Figure 4). When present, O. angulosa was found in 
the mid to low zones, whereas the highest abundance of C. 
dentatus was found in the mid zone at most sites. 
B. glandula was significantly more abundant at semi-
exposed sites as opposed to exposed sites (H14 = 337.14, 
p < 0.001, n = 471; Figure 4) and significantly more abun-
dant in the mid zone (H2 = 12.57, p < 0.005, n = 306; Figure 
3) and at sites that were orientated in a northerly direction 
(H2 = 176.87, p < 0.001, n = 469). A Spearman Rank Order 
Correlation showed that the number of B. glandula had a 
significant positive influence on the number of A. knysnaen­
sis on the high (rs = 0.6, p < 0.05), mid (rs = 0.7, p < 0.05) 
and low (rs = 0.7, p < 0.05) shore. Site also influenced the 
abundance of A. knysnaensis on the high (H12 = 79.3, p < 
0.001, n = 155), mid (H12 = 70.4, p < 0.001, n = 139) and 
low (H12 = 89. 0, p < 0.001, n = 129) shore. 
Percentage abundance
B. glandula made up 100% of the barnacles at St 
Helena Bay, Paternoster, Cape Columbine, Tsaarsbank, 
Yzerfontein and Hout Bay, and was by far the dominant 
barnacle at all West Coast sites, where it comprised 78.49% 
of all barnacles present (Table 2). The only other species 
making up <10% of barnacle numbers was T. serrata. On 
the South Coast, where B. glandula was absent, T. serrata 
was the most abundant species (52%), followed by O. 
angulosa (29.41%) and C. dentatus (25.12%). 
A Mann-Whitney U-test showed that upwelling had a 
significant effect on the abundance of B. glandula (U = 
6 788.00, p < 0.001), with a higher average abundance 
at sites in upwelling shadows (3 151.82 ± 324.08 
individuals m–2) than those in upwelling centres (0.02 ± 
0.0181 individuals m–2). Inshore SSTs (Figure 5) were lower 
at upwelling centres (Cape Columbine, Tsaarsbank and 
Moullie Point) than at upwelling shadows. 
Discussion
The date and location of introduction of B. glandula to South 
Africa remain unknown, but the most likely sites are Table Bay 
and/or Saldanha Bay harbours, because the mode of introduc-
tion was probably via ballast water in marine vessels, currently 
considered the main vector of marine invasive species 
(Carlton 1992, Carlton and Geller 1993). The date of introduc-
tion precedes 1992, but cannot be fixed more accurately.
Macroscale distribution of B. glandula  
Although B. glandula was found at many sites along the 
West Coast, their distribution was very patchy. Patchiness 
on a large scale could be on account of the effects of 
localised upwelling events, which frequently occur around 
rocky headlands (upwelling centres) along the West Coast 
in summer (Berger et al. 2002). As B. glandula spawns 
and settles in the boreal summer from late May to August 
(Connell 1970), it is assumed that it has a similar summer 
reproductive season in the Southern Hemisphere. During 
summer, strong offshore winds advect surface waters away 
from shores of the West Coast (Shannon et al. 2006), which 
likely carries many barnacle larvae offshore. This offshore 
loss of larvae may account for the decreased abundance of 
B. glandula on headlands. 
B. glandula was abundant at semi-exposed sites. Heavy 
wave action, typical at such sites, enhances the availability 
of nutrients for filter-feeders on account of frequent replen-
ishing of water (Bustamante and Branch 1996). Fewer 
barnacles were found at sheltered sites, but the abundance 
Figure 3: The prevalence of B. glandula around the South African 
coast, expressed as m of shoreline colonised per km. Distance is 
measured in km from the northernmost site (Brazil). Zeros indicate 
sites where B. glandula was absent and dashes denote where 
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Figure 4: Mean abundance of barnacles in the high, mid and low zones at each site from west to east, error bars denote +1. Note the orders 































































of B. glandula was still substantial. Onshore winds may 
transport barnacle larvae into bays. Physical transport 
processes influencing the abundance of B. glandula along 
the coast, such as the formation of eddies (Archambault et 
al. 1999), downwelling (Jenkins et al. 2000), counter-cur-
rents (Shannon et al. 2006) and local wind patterns (Shanks 
1998), may transport barnacle larvae to rocky shores. 
Along the West Coast, eddies often detach from the main 
current and cause organisms to aggregate into groups which 
are then transported inshore. These eddies are associated 
with coastal topography and often occur in bays or upwelling 
shadows (Gaines et al. 1985, Pannacciulli et al. 1997). This 
transport mechanism could explain why barnacles are found 
in sheltered sites with low water turnover rates.
Potential for range expansion
To date, B. glandula has not been recorded in False Bay, 
or at any sites farther to the east. There are a number of 
possible reasons for this limit in its range. B. glandula could 
be capable of surviving east of Cape Point, but the relative 
isolation of this region from the Benguela Current may have 
prohibited its larvae from moving eastwards against the 
prevailing current. Invasion may thus be possible, but only if 
barnacles are artificially translocated to the South Coast, for 
example on a ship’s hull or in ballast water. 
Alternatively, the warmer waters of the South Coast may 
be outside the optimal temperature range of B. glandula 
(Figure 5). Cape Point marks the most significant marine 
biogeographic boundary in the region, separating the cool-
temperate West Coast biota of the Namaqua Province 
from the warm-temperate biota of the Agulhas Province; 
the fauna of these two regions having a similarity of <20% 
(Emanuel et al. 1992). Relatively few species are thus 
adaptable enough to survive in both of these regions. 
The precise temperature limits of B. glandula distribution 
are unknown. However, some indication of its preferred 
temperature range can be gleaned from the species’ global 
distribution pattern. The annual mean temperature at the 
southern limit of its native range on the Pacific coast of 
Table 2: Overall average proportion of each species across the shore of each sampling site. The stippled line indicates the break between 
West Coast and South Coast sites
 Proportion (%)
Site B. glandula O. angulosa T. serrata A. amphitrite N. algicola C. dentatus 
 4 99.73 – 0 00.27 – 0 –000 – 0
 5 100.00 – 0 – 0 – 0 –000 – 0
 6 100.00 – 0 – 0 – 0 –000 – 0
 7 100.00 – 0 – 0 – 0 –000 – 0
 8 99.39 00.38 00.12 – 0 0.03 00.08
 9 100.00 – 0 – 0 – 0 – 00 – 0
 10 100.00 – 0 – 0 – 0 – 00 – 0 
 11 –0 – 0 100 000 – 0 – 00 – 0 
 12 –0 82.70 17.30 – 0 – 00 – 0 
 13 099.87 00.13 – 0 – 0 – 00 – 0 
 14 099.92 00.05 00.03 – 0 – 00 – 0 
 15 100.00 – 0 – 0 – 0 –  0 – 0
 16 –0 – 0 – 0 – 0 –  0 – 0 
 17 099.99 – 0 00.01 – 0 –  0 – 0 
 18 –0 75.94 24.06 – 0 –  0 – 0 
 19 –0 04.83 05.27 01.82 –  0 88.08 
 20 –0 08.55 40.52 – 0 –  0 50.93 
 21 –0 00.68 59.68 27.94 –  0 11.71 
 22 –0 – 0 100 000 – 0 –  0 – 0
 23 –0 57.07 42.93 – 0 –  0 – 0
West Coast average 078.49 05.95 13.08 – 0 –  0 00.01 
South Coast average –0 29.41 45.41 04.96 –  0 25.12 
Total average 054.94 12.12 26.01 01.49 –  0 07.54
Figure 5: Inshore mean sea water temperatures from 1973 to 1982 
(supplied by South African Maritime Weather Office) shown in rela-
tion to coastal distance from Walvis Bay, Namibia (23 °N) (adapted 
from Bolton 1986). Numbers refer to sites as listed in Table 1. The 
junction line between the West and South coasts is at Cape Point 
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North America is around 17 °C (Kado 2003), whereas long-
term temperature means over the distributional range of 
introduced B. glandula in Japan are between about 10 °C 
and 15 °C (Kado 2003, read from Figure 5). Similarly, Rico 
et al. (2006) give the temperature range of an invaded site 
in Patagonia as 9–16 °C and temperatures in Mar del Plate, 
the other South American site invaded by this species, 
range from 7.9 °C to 17.9 °C (Elias and Vallarino 2001). 
This suggests that B. glandula is a cool-temperate species 
that is unlikely to extend its distribution eastwards beyond 
its current temperature range along the west coast of South 
Africa, to temperatures exceeding 17 °C east of Cape Point 
(Figure 5). Temperature ranges similar to those in the 
invaded region of South Africa also occur in Namibia (Figure 
5) so it is possible that B. glandula may also have already 
established itself along that country’s coastline, or may do 
so in the future. 
Microscale distribution of B. glandula 
The distribution of B. glandula was also patchy on a 
microscale of tens of metres. This erratic distribution is 
typical of many rocky-shore species (Franschetti et al. 
2005), which may be caused by localised factors such 
as the degree of wave action, texture of the substratum, 
slope of the shore and unevenness of rocks. Jenkins and 
Hawkins (2003) found that the abundance of Semibalanus 
balanoides declined, and fucoid canopy cover increased, 
with decreased wave exposure. Lewis (1964) suggested a 
number of factors that could potentially explain the lower 
abundances of barnacles at sheltered sites compared with 
those more exposed, including grazing activities of limpets, 
low larval supply due to lack of onshore currents, and 
prevention of larvae settlement by the sweeping action of 
large algal blades. Although wave exposure was not quanti-
fied in this study, sites that appeared semi-exposed had a 
higher abundance of barnacles than more sheltered sites, 
whereas very few barnacles were found on exposed head-
lands. This pattern was also observed by Lewis, (1964) who 
found very few barnacles present at sheltered sites.
Zonation of B. glandula
B. glandula occurred in the high, mid and low zones of the 
rocky shore (Figure 4). The upper limit of distribution is 
probably due to increased desiccation, whereas the lower 
limit may be on account of increased predation, increased 
wave action, interspecific competition with M. galloprovin­
cialis, or a combination of these factors. Intense predation 
of the lowest B. glandula on the shore by whelks Burnupena 
cincta and Burnupena lagenaria was observed at several 
sites and seems a likely factor limiting the downward exten-
sion of the population. 
Species interactions
Given that other barnacle species were only found in low 
abundances on the West Coast (Boland 1997, Figure 4), it 
seems unlikely that B. glandula has excluded other barnacle 
species from the mid and low zones. However, it may have 
excluded other fauna and flora, such as limpets, which would 
have difficulty grazing on surfaces covered with barnacles. 
A very noticeable difference between invaded and 
non-invaded areas was that A. knysnaensis were more 
abundant, and extended farther down the shore, in invaded 
areas where they nestled between dense colonies of 
B. glandula (Figure 2b) to gain protection from strong 
wave action. At sites covered by dense patches of B. 
glandula, such as Bloubergstrand and Moullie Point, the 
effect of the alien on native species assemblages may be 
considerable, but unfortunately there are no reliable data on 
the distribution of biota before the invasion. It is therefore 
difficult to determine whether B. glandula has excluded 
native barnacles or limpets from West Coast rocky shores. 
Sites invaded by the alien barnacle were not compared with 
non-invaded sites on account of the many biological and 
environmental factors that differ between sites. However, 
exclusion experiments could be performed to demonstrate 
the interactions between species. Competition between B. 
glandula and C. dentatus is unlikely, as these two species 
seldom co-occur, and C. dentatus appears to have always 
been rare on the West Coast (Day 1969). 
In conclusion, it is demonstrated that the alien barnacle 
B. glandula has invaded extensive sections of the west 
coast of South Africa and the population currently has a 
range of over 400 km. The species comprised 78.49% of all 
barnacle species sampled along that section of the coast. 
It is likely that this invasion has caused significant change 
in the species assemblages on the shore. One such impact 
demonstrated here is the increased habitat for Afrolittorina 
knysnaensis, but other interations likely include competition 
with other primary space occupying species and provision 
of an additional food resource for predatory whelks. Further 
studies investigating the impact of B. glandula on rocky 
shore biota of the West Coast should be initiated. 
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